Abstract: A questionnaire survey and interviews were conducted among victims of the Mid-Niigata Earthquake from Yamakoshi village to elucidate the problems related to the living environment and the stressful experiences encountered by them in the temporary shelters. In this study we aim to clarify the relationships between environmental problems, including acoustic environment problems, and stressful experiences encountered in the temporary shelters, and we examine the impact of the acoustic environment of the temporary shelters on evacuee stress. Among the environmental problems (living space, temperature, illumination, acoustic environment, odor, and problems related to the shelter facilities and to maintaining privacy), the acoustic environment was the fifth most frequently cited environmental problem. However, a higher proportion of the participants who complained about the acoustic environment of the temporary shelters had stressful experiences than those who did not complain about the acoustic environment. These relationships were shown to be statistically significant by chi-square tests. It was found by logistic regression analyses that among the living environment problems, the acoustic environment was the most important factor in determining whether refugees found living conditions unpleasant and/or experienced stress. These results suggest that improvements to the acoustic environment of temporary shelters should lead to the mitigation of some evacuee stress.
INTRODUCTION
Temporary shelters are facilities to which disaster victims are evacuated. Such shelters have often been set up in Japan in times of natural disaster such as earthquakes, floods and strong typhoons. In the past few years, there have been several strong earthquakes, and many victims have been forced to evacuate to temporary shelters for several months.
The shelters in Japan are always public gymnasiums, including the gymnasiums of public schools, and community centers. These were not originally designed as temporary shelters, which might cause several problems including acoustical problems. Some of these problems may be prevented by suitable preparation. Furthermore, revealing the problems may lead to more suitably designed temporary shelters.
In addition, it is known that earthquake victims who evacuate to temporary shelters tend to feel more stressed than those who do not evacuate [1] . If there are any relationships between living environment problems and evacuee stress, it is thought that improvements to the design of temporary shelters should also lead to the mitigation of some evacuee stress.
We conducted a questionnaire survey and interviews among victims of the Mid-Niigata Earthquake from Yamakoshi village to elucidate the problems they encountered as evacuees, including the living environment problems and stressful experiences. Our previous paper described specific problems due to the acoustic environment of the temporary shelters [2] . Moreover, in the paper we indicated that the acoustic environment had some impact on the stress experienced by evacuees.
In this paper, we clarify the relationships between environmental problems, including acoustic environment problems, and stressful experiences encountered in the temporary shelters, and we examine the impact of the acoustic environment of the temporary shelters on evacuee stress.
EVACUEES OF YAMAKOSHI VILLAGE
The subjects of this study were victims of the MidNiigata Earthquake from Yamakoshi village. Yamakoshi village was in one of the areas most damaged by the MidNiigata Earthquake on October 23, 2004. The earthquake severed all the roads to Yamakoshi village from neighboring cities, isolating the village. Consequently, all the village residents were forced to evacuate to temporary shelters in the nearby Nagaoka city. They left the village by helicopters the day after and two days after the earthquake, and were allocated temporary shelters in order of arrival. Eleven days after the earthquake, they moved to shelters designated for each local community. They then moved into temporary houses in Nagaoka city between 49 days and 61 days after the earthquake [3] .
The temporary shelters provided for the village residents, except for elders who required nursing care and their families, were two high school gymnasiums, four high school seminar houses, and one community center. These shelters were divided into two types in this study: the two gymnasiums and the five other buildings which had large separate rooms. The gymnasiums were occupied by the residents of the two largest local communities, and the five buildings with large separate rooms were occupied by residents of the smaller local communities after the move from the first shelters. The space allotted to each evacuee was about one tatami mat (approximately 1.7 m 2 ) regardless of the shelter type. As described in our previous study [2] , the noise sensitivities of the groups who evacuated to the gymnasiums and to the buildings with large separate rooms were not significantly different.
METHOD
In our study, a questionnaire survey and interviews on the lives of Yamakoshi residents as evacuees were conducted. An outline of the surveys is described below.
Questionnaire Survey
The self-completed questionnaire consisted of three parts. The first part consisted of questions about the individual attributes of the respondents, such as gender and age. The second part consisted of questions about their lives as evacuees, including any general problems experienced, their health, and any stressful experiences encountered at the temporary shelters and temporary houses. The last part consisted of questions about the future plans of the respondents. This study focuses on the responses to the questions asked in the second part of the questionnaire, which dealt specifically with problems with the living environment and stressful experiences encountered at the temporary shelters.
Regarding the questions about problems with the living environment at the temporary shelters, respondents were asked whether they had experienced each problem listed in Table 1 . Also, regarding the questions about stressful experiences, respondents were asked the four questions listed in Table 2 . Respondents were required to answer yes or no to these questions.
Interviews
The interviews were conducted on the basis of the responses to the questionnaire survey to obtain detailed information regarding the answers to the questionnaire survey. Regarding the questions about problems with the living environment, respondents were asked to more concretely describe the problems they had cited in the questionnaire and to give actual examples of the problems. Regarding the questions about stressful experiences, respondents were asked about the origin of the stressful experiences they had cited in the questionnaire.
Procedure
The survey procedure was as follows. First, interviewers visited each respondent's temporary house and explained the aims of the survey. Then each respondent answered the questionnaire. Finally, each respondent took part in the interview.
In some cases, such as when a respondent was longsighted, the questionnaire survey was conducted in an interview style. In such cases, the questionnaire survey and interview were merged. Respondents were asked whether they had experienced each living environment problem, and if they answered yes, they were then asked to describe the problem more concretely.
Also, some respondents only responded to the questionnaire survey due to time restrictions. In such cases, respondents were asked to write down any concrete problems they had experienced while living in the shelters in the areas of the questionnaire sheets where notes could be written.
The interviewers were four faculty members and four students of Fukushima University along with a researcher and eight students of Fukushima Medical University. All of the interviewers from Fukushima University had participated in volunteer activities for the Yamakoshi resident earthquake victims.
Respondents
The survey was conducted on August 23 and 24, 2005. The respondents were residents of the temporary housing constructed for Yamakoshi residents who were present at the time of the survey. To obtain as great a variety of respondents as possible, the selection of respondents was coordinated, taking gender and age into consideration.
The questionnaires were distributed to 95 residents of the temporary housing. Responses were obtained from 87 respondents, but 8 respondents did not provide the complete data needed for analyses. Consequently, the number of valid responses was 79, and the response rate was 83.2%. The characteristics of the respondents who provided valid responses are shown in Table 3 .
Statistical Analyses
The relationship between complaints about each problem with the living environment and each stressful experience was analyzed by chi-square tests. Univariate analyses were applied simply for the purpose of selecting independent variables for multiple logistic regression analysis [4] . Multiple logistic regression analysis [4, 5] between problems with the living environment and each stressful experience was used to assess the contribution of independent variables that were shown to be statistically significant by the chi-square test among the living environment problems. Gender and age groups (under/over 60 years old) were adjusted in each multivariate model. Regarding the stressful experiences that had a statistically significant relationship with complaints about the acoustic environment shown by the multiple logistic regression analysis, the differences in the frequency of each type of stressful experience between shelter types were analyzed by chi-square tests among respondents who complained and did not complain about the acoustic environment. The Statistical Package for Social Sciences (SPSS Japan Inc., version 13.0J, Tokyo, Japan) was used for the analyses. All probability values were two-tailed and all confidence intervals were estimated at the 95% level.
RESULTS

Problems with the Living Environment at the
Temporary Shelters The numbers and percentages of complaints reported regarding the living environment are shown in Table 4 . In this table, ''problems related to the shelter facilities'' refers to complaints regarding bathing facilities, lavatories, and other facilities. These three problems were consolidated because they were often referred to simultaneously.
As this table shows, problems about the acoustic environment were reported by 35 respondents (44.3%). This was the fifth most frequently cited environmental problem. Table 5 shows the results of the chi-square tests among complaints about the living environment and each stressful experience. From these results, the variables that were statistically significant were selected as the independent variables for the multivariate models; the independent variables for the stressful experience of anxiety were illumination problems and acoustic environment problems; those for unpleasantness were living space problems, illumination problems, acoustic environment problems, problems related to maintaining privacy and problems related to the shelter facilities; those for feeling stressed in general were illumination problems, acoustic environment problems, odor problems, problems related to maintaining privacy and problems related to the shelter facilities; and those for experiencing difficulty with social matters were illumination problems, acoustic environment problems, problems related to maintaining privacy and problems related to the shelter facilities.
The variable ''acoustic environment problems'' was selected for all of the multivariate models concerning stressful experiences. On the other hand, the variable ''temperature problems'' was not selected for any of the multivariate models. Figure 1 shows the results of multiple logistic regression analyses adjusted by age and gender. The odds ratio is The percentages in these tables show the ratios of respondents who complained of stressful experiences to respondents who complained (or did not complain) about each living environment problem.
Relationship between Complaints about the Living Environment and Stressful Experiences: Multiple Logistic Regression Analyses
a measure of the association between an outcome and each independent variable. In this study, it approximates how much more likely it is for each stressful experience to be encountered by those who complained about each living environment problem than those who did not complained about the problem. An odds ratio of 1.0 means that there is no relationship between an outcome and an independent variable, an odds ratio greater than 1.0 indicates a positive relationship and an odds ratio of less than 1.0 indicates a negative relationship [5] .
In the case of complaints about anxiety ( Fig. 1(a) ), the odds ratio of complaints about the acoustic environment (odds ratio = 7.4; 95% CI = 2.2-25.3) was the highest among the independent variables, and only this odds ratio was statistically significant (p < 0:01). This result indicates that there is a relatively strong relationship between complaints about the acoustic environment and complaints about anxiety.
In the case of complaints about unpleasantness ( Fig. 1(b) ), the odds ratio of complaints about the acoustic environment (odds ratio = 8.2; 95% CI = 1.9-35.0) was the highest among the independent variables, and this odds ratio and the odds ratio of problems related to maintaining privacy (odds ratio = 7.1; 95 CI = 1.7-28.6) were statistically significant (p < 0:01). This result indicates that there is also a relatively strong relationship between complaints about the acoustic environment and complaints about unpleasantness.
In the case of complaints about feeling stressed in general ( Fig. 1(c) ), the odds ratio of complaints about the acoustic environment (odds ratio = 5.5; 95% CI = 1.5-20.3) was also the highest among the independent variables, and only this odds ratio was statistically significant (p < 0:05). This result also indicates that there is a relatively strong relationship between complaints about the acoustic environment and complaints about feeling stressed.
However, in the case of complaints about difficulty with social matters (Fig. 1(d) ), the odds ratio of complaints about the acoustic environment (odds ratio = 1.2; 95% CI = 0.3-4.8) was close to 1.0 and was not statistically significant. In this case, the odds ratio of complaints about illumination (odds ratio = 6.7; 95% CI = 1.3-33.4) was the highest among the independent variables, and only this odds ratio was statistically significant (p < 0:05). These results indicate that the acoustic environment is a relatively unimportant factor in determining whether evacuees experienced difficulty with social matters. Table 6 shows the results of the chi-square tests on the relationship between shelter type and complaints about stressful experiences among respondents who complained and did not complain about the acoustic environment. As this table shows, no statistically significant relationship was found. In other words, there were no significant differences between the rates of complaint of stressful experiences when the responses about the acoustic environment were the same, regardless of the shelter type.
Relationship between Shelter Type and Complaints about Stressful Experiences
DISCUSSION
The results of the multiple logistic regression analyses indicate a strong relationship between complaints about the acoustic environment and three types of stressful experience, i.e., anxiety, unpleasantness and feeling stressed. The relationship between these results and the responses obtained from the interviews are discussed below.
First, the case of anxiety is discussed. According to the interviews with the respondents, the causes of anxiety were aftershocks and concerns about the future, and no one indicated acoustic problems as a cause of anxiety. Regarding this result, the authors consider the following. It is reasonable that respondents who complained about acoustic environment problems are more likely to be noisesensitive persons, because there were other persons who did not complain about the acoustic environment in the same environments. Furthermore, it is known that noise sensitivity and neuroticism are correlated, as reviewed by Miedema and Vos [6] . Therefore, it is pertinent to think that evacuees who complained about the acoustic environment tended to be prone to anxiety. This is thought to be the reason why a strong relationship between complaints about the acoustic environment and complaints about anxiety was found, although no one indicated acoustical problems as the causes of anxiety.
The cases of unpleasantness and feeling stressed are now discussed. Regarding respondents' complaints about these two types of stressful experience, some of the respondents explicitly stated in the interviews that noiserelated problems comprised some of the reasons for having stressful experiences. Also, regarding other living environment problems, only problems related to maintaining privacy were pointed out as the causes of unpleasantness and feeling stressed. These facts support the results of the multiple logistic regression analyses.
Moreover, as described in Sect. 4.4, there were no significant differences between the rates of complaint of stressful experiences when the responses about the acoustic environment were the same, regardless of the shelter type. Thus, it is reasonable to consider that the rates of complaint of stressful experiences only depended on whether the respondents specifically complained about the acoustic environment. This means that complaints about the acoustic environment were directly connected with complaints about experiencing unpleasantness and feeling stressed; this also supports the results of the multiple logistic regression analyses.
Thus, we conclude that, among the living environment problems of the temporary shelters, the acoustic environment of the shelters was the most important factor in determining whether evacuees felt unpleasant and/or stressed, despite the rate of complaints related to the acoustic environment being only the fifth most frequently cited environmental problem at the temporary shelters.
A limitation of this study should be acknowledged. There were not many respondents in our survey, therefore, the odds ratios may be overestimated. However, this is one of the few papers on the acoustic environment problems at temporary shelters, and the authors think that their results provide basic information that can be used to devise future strategies for improving the environments of temporary shelters for disaster evacuees.
CONCLUSIONS
Our results indicated that the acoustic environment is the most important factor in determining whether evacuees felt unpleasant and/or stressed in their daily lives, even though the rate of complaints about the acoustic environment was relatively low among the problems related to the living environment of temporary shelters. On the basis of this result, we can conclude that improvements to the acoustic environment of temporary shelters should lead to the mitigation of some evacuee stress such as unpleasantness and general stress. In particular, the countermeasures against acoustic environment problems listed in our previous paper [2] should be adopted for potential temporary shelters, such as public gymnasiums and community centers in the case of Japan. The percentages in these tables show the ratios of respondents who complained of stressful experiences for each type of temporary shelter.
